Objective The aim of this study was to explore the potential of ambulance call-out data in understanding violence to inform about prevention activity. Method This cross-sectional (2013This cross-sectional ( -2015 study examined the nature, extent and characteristics of violence-related ambulance call-outs (n=15 687) across North West England and relationships with temporal, celebratory and sporting events. results The majority of call-outs were for men, with a mean age of 33 years. Most call-outs were to deprived (64.4%) and urban (65.4%) areas and occurred at night (18:00-5:59; 75.2%). Three-quarters (77.3%) were recorded as assault/sexual assault and 22.7% stab/ gunshot/penetrating trauma. Significant differences in call-out characteristics were identified between the two violence types. Generalised linear modelling found that call-outs significantly increased on weekends, New Year's Eve and weekday bank holiday eves (except for stab/gunshot/penetrating trauma). No significant associations between all violence call-outs, the two violence categories and sporting or celebration events were identified. Two-thirds (66.1%) of the call-outs were transferred to another health service for further assessment and/or treatment. The odds of being transferred were significantly higher among men (adjusted OR (AOR) 1.5, 95%CI 1.4 to 1.6), those aged 13-24 years (AOR 1.2, 95%CI 1.0 to 1.4), call-outs for stab/gunshot/penetrating trauma (AOR 1.4, 95%CI 1.3 to 1.5) and call-outs on Fridays/Saturdays (AOR 1.1, 95%CI 1.0 to 1.2) and lower for call-outs on New Year's Eve (AOR 0.6, 95%CI 0.4 to 0.9). conclusion Ambulance call-out data can provide a wealth of information to understand violence and subsequently inform about violence prevention and response activity. Ambulance services and staff could play a key role in preventing violence through sharing data and identifying and supporting victims.
IntrOductIOn
Globally, interpersonal violence accounts for around half a million deaths each year. 1 For every death, many more people suffer from violence both directly and indirectly. Thus, preventing violence is a key global priority and forms part of the United Nations Sustainable Development Goals. 2 Criminal justice and health treatment data can provide vital intelligence on non-fatal violence that could inform and monitor progress of violence prevention activity. 1 The use of health data in violence prevention is advocated by the WHO 1 and is a key focus of many injury and violence surveillance systems across different countries. [3] [4] [5] [6] [7] [8] However, internationally, such data are not available across all countries, and where data are available, they may not be routinely accessible to local areas or provide sufficient information to describe the full nature and extent of the problem. 1 In the UK, addressing violence has traditionally been informed by police data, yet there is growing recognition of the importance of health data and increasing work to support its use in prevention. 3 5-8 Across England and Wales, a number of health and crime data sources are available at the national and local levels. In 2013-2014, there were 526 recorded homicides and an estimated 1.3 million incidents of violence against adults in England and Wales. 9 It is estimated that half of these violent incidents have not been reported to the police, yet with nearly half resulting in injury, many victims may present at health services. 9 Research suggests that the police are unaware of many incidents of violence that result in healthcare treatment. 4 5 10 11 In 2014, an estimated 211 514 people attended EDs as a result of violence across England and Wales. 3 Other prehospital health services are also affected, such as paramedic services, [10] [11] [12] yet the impact of violence on ambulance services across England and Wales is poorly measured.
Original article
Violence-related ambulance call-outs in the North West of England: a cross-sectional analysis of nature, extent and relationships to temporal, celebratory and sporting events Health data can be used to identify the nature and extent of violence, and at-risk groups and communities, to inform, monitor and evaluate prevention activity. [3] [4] [5] [6] [7] Further, it could be used to examine the demands placed on health services from violence and how this can be associated with temporal and celebratory events (eg, public holidays). 5 6 13 Yet, while various studies and surveillance systems have shown the utility of some health data sources in violence prevention, the focus has been ED attendance and hospital admissions. 3-8 14 Few studies have demonstrated similar uses of ambulance data. 10-12 15 Ambulance call-out data have the potential to provide rich information on violence pertinent to informing about prevention activity.
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In England, nearly a quarter (4.4 million) of ED attendances arrived by ambulance/helicopter in 2013-2014 . 16 . However, around one-third of ambulance call-outs do not result in a transfer to a health service, but rather, patients are assessed and, if necessary, treated in situ. 16 Such incidents would not be identified through ED or hospital admission data systems. A study comparing violence-related ambulance call-outs and police-recorded crimes in one English city suggests that half of all assaults recorded by the ambulance service are not recorded by the police. 10 Thus, ambulance data can provide an additional source of intelligence not found in other health or crime data sources. In 2013-2014, there were 8.5 million emergency calls to 11 ambulance services across England. 16 To help inform about violence prevention activity, using data from 1 of the 11 ambulance services (the North West Ambulance Service (NWAS)), here we explore the potential utility of ambulance call-out data in violence prevention by examining the nature and extent of violence-related call-outs, patient characteristics and the relationship with temporal, celebratory and sporting events.
MethOds
The North West of England has a population of 7.1 million residents and includes 39 local authority areas. 17 NWAS provides accident and emergency services to those in need of medical treatment and transport (eg, to EDs) 24 hours per day, 365 days per year, across North West England. All calls to NWAS are received by an operator who asks a range of questions and logs the information on a triage system to identify what the problem is, create a dispatch code and determine the response required.
The data are processed electronically using the Medical Priority Dispatch System software. Data are captured in the Ambulance Command and Control System and then replicated and stored in a reporting database. To inform about violence and injury prevention across North West England, a subset of required fields are extracted from this database and shared with the Trauma and Injury Intelligence Group Injury Surveillance System (TIIG ISS; www. tiig. info) on a quarterly basis via a secure drop box (SharePoint 2013). Information collected by NWAS and shared with TIIG include time/date of the call, incident type (eg, assault/ sexual assault), patient age/gender, and outcome of the call-out (eg, transferred to another health service). NWAS automatically maps the geographical coordinates of each call-out location (where the ambulance stopped to assess/treat the patient) to a lower layer super output area (LSOA). LSOAs are geographical areas with a population mean of 1500, developed to standardise reporting of small area statistics in England and Wales. The LSOA of each call-out location is also shared with TIIG.
Data on ambulance call-outs for violence (ie, calls coded as assault/sexual assault and stab/gunshot/penetrating trauma and identified as genuine (ie, not a hoax call)) were extracted from the TIIG ISS for the period April 2013 to March 2015. Duplicate call-outs for the same incident were removed, leaving a sample of 15 687. Additional variables were derived to indicate whether the call-out day was a weekend (Friday/Saturday), bank holiday, bank holiday eve or New Year's Eve. Further, sporting events and celebration days (table 1) were identified. We assigned each call-out location (ie, LSOA) to a national quintile of deprivation (based on the 2010 Index of Multiple Deprivation 18 and a rural-urban classification. Where collected, data were categorised per age group. The younger age group (ie, 13-24 years) was selected, as this age group is often the focus of key UK interventions aiming to prevent violence.
Data were analysed in SPSS V.21. Analyses used χ 2 tests and analyses of variance to explore associations between call-outs and patient (eg, gender) and call-out (eg, location) characteristics. Generalised linear modelling (GLM; negative binomial/stepwise approach) was used to examine the independent effects of calendar days, holidays, sporting events and celebration events on ambulance call-outs for all violence, assault/sexual assault and stab/gunshot/penetrating trauma separately. For GLM, days were recoded into 24 hours days starting at 6:00 (eg, Saturday means Of the violence-related call-outs, 77.3% were for assault/ sexual assault, with the remainder recorded as stab/gunshot/ penetrating trauma. There were significant patient demographic (ie, age/gender) and circumstantial (ie, hospital transfer and call-out location/date) differences between assault/sexual assault and stab/gunshot/penetrating trauma call-outs. Compared with assault/sexual assault, a significantly higher proportion of stab/ gunshot/penetrating trauma patients were men, were injured in the most deprived communities and were transferred to another health service for further assessment and/or treatment (online supplementary table 1). Patients who had a stab/gunshot/ penetrating trauma were significantly younger than patients who were victims of assault/sexual assault (mean 31.7 vs 33.3). Call-outs for stab/gunshot/penetrating trauma were significantly less likely to occur during the night, weekend or weekend night compared with assault/sexual assault call-outs (online supplementary table 1).
Using our 24-hour day (ie, starting at 6:00), in bivariate analyses, all violence call-outs and the two violence categories individually significantly increased during bank holiday eves (online supplementary table 2) and when a rugby match or horse racing event was held in a local area (supplementary table 3 ). Call-outs for all violence and assault/sexual assault only significantly increased on Halloween. No other significant associations were observed for other celebration days. Additional details on the bivariate associations can be found in online supplementary table 2 and 3. Table 2 shows results of the GLM on the effects of calendar days, holidays, sporting events and celebration events on ambulance call-outs for all violence and assault/ sexual assault and stab/gunshot/penetrating trauma separately, as well as all violence occurring in areas where events (eg, football) were held. For all categories, call-outs significantly increased over the weekend. Thus, compared with Sundays to Thursdays, all violence-related call-outs increased by 119%, assault/sexual assault by 142% and stab/gunshot/penetrating trauma by 59% on Fridays and Saturdays. Call-outs significantly increased during bank holiday eves occurring on a weekday (all violence 160%, assault/sexual assault 204%), except for stab/gunshot/ penetrating trauma call-outs; all violence also increased during bank holidays occurring on a weekday (74%). Finally, call-outs significantly increased on New Year's Eve (all violence 426%, assault/sexual assault 418% and stab/gunshot/penetrating trauma 377%). There were no significant associations found between any category of call-out and sporting events or celebrations. Even when looking at violence-related call-outs in local areas hosting sporting events only, no significant association with sporting events was observed, although associations with weekends, weekday bank holiday eves and New Year's Eve remained (table 2) .
Logistic regression was used to identify factors independently associated with being transferred to another health service for further assessment and/or treatment. The odds of being transferred was significantly higher among men (adjusted OR (AOR) 1.5, 95% CI 1.4 to 1.6), those aged 13-24 years (AOR 1.2, 95% CI 1.0 to 1.4), call-outs for stab/gunshot/penetrating trauma (AOR 1.4, 95% CI 1.3 to 1.5) and call-outs on Fridays/ Saturdays (AOR 1.1, 95% CI 1.0 to 1.2) and lower for call-outs on New Year's Eve (AOR 0.6, 95% CI 0.4 to 0.9).
dIscussIOn
This study develops knowledge on patterns of violence in North West England and the burden such violence places on the ambulance service. At the same time, it strengthens understanding of the potential use of ambulance data in monitoring long-term trends in violence and identifying at-risk groups and communities to target prevention activity. 10 12 Where ambulance data are not routinely used in violence prevention, this potential should be explored, particularly given our finding that around one-third of ambulance call-outs for violence were not transferred to another health service for further assessment and/or treatment and, therefore, would not be identified through ED or hospital admission data systems (a similar proportion to that found across England). 16 Previous research has identified that, even when transferred to an ED, many ambulance call-outs for violence may not be recorded as assaults in ED data sets, 19 and the police can be unaware of many violence-related ambulance call-outs. 10 Thus, ambulance data have the potential to fill a gap in knowledge about violence at both local and national levels.
In our study, violence-related call-outs accounted for less than 1% of all ambulance call-outs. However, analyses highlight the fluctuations that can be seen in demands on the ambulance service. In particular, call-outs for all violence increased by 426% on New Year's Eve compared with a usual SundayThursday period. Similar findings have been reported in analyses of night-time assault presentations to EDs across England. 6 While not identified in our study, previous research has also found associations between other celebrations (eg, Halloween) and/or sporting events (eg, Football World Cup) and pressures on local health services. 6 13 15 20 21 Consistent with previous work, our study found that men and young people were most at risk of violence-related ambulance call-outs. 5 6 19 In particular, call-outs for stab/gunshot/penetrating trauma were significantly more likely to be for men and younger age groups than callouts recorded as assault/sexual assault. While ambulance data available via TIIG do not allow for the severity of injury to be measured or the urgency of the ambulance call-out, more severe Original article violent injuries are likely to require transfer to another health service. In our study, around two-thirds of violence call-outs were transferred. Multivariate analyses found that the odds of being transferred were significantly higher among males, those aged 13-24 years, call-outs for stab/gunshot/penetrating trauma and call-outs on Fridays/Saturdays and significantly lower for call-outs on New Year's Eve. While it is not known if patients are subsequently admitted to the hospital as a result of their condition, one study found that around half of the highest priority ambulance call-outs for violence were admitted to the hospital after being transferred to an ED. 19 Knowledge of the extent and nature of violence can be limited by gaps in available data. The data covered in our study come from 1 of 11 ambulance services across England and, therefore, may not be representative of other areas or other countries. However, some of our findings are consistent with previous work analysing ED data for the whole of England. 6 Across England, ambulance statistics are collated and published to understand total volume activity and performance levels against national targets. 16 However, these data are only provided at an aggregate level and are not broken down by call-out type or cause, as occurs for hospital admissions and ED data. 22 Detailed ambulance data are only available on an individual service level, and thus, the impact violence has on the ambulance service as a whole across England is currently unknown. While local ambulance data have been accessed and used in some areas, both within and outside the UK, to support research studies, surveillance systems or prevention activity, 10 12 15 20 23 in England, few areas readily have access to routine ambulance data. Further consideration should be given to collating data on violence-related ambulance call-outs at a national level, including practical issues around accessing and collating data from various services.
Even where ambulance call-out data are shared to inform about violence prevention, the type of data shared may limit the use of the data. For instance, by analysing the available NWAS data, we were able to identify the types of communities most at risk of violence-related call-outs (ie, the most deprived and urban areas). While such information can be useful for targeting primary prevention initiatives, data on the exact call-out location, specifically geographical coordinates that are often recorded by ambulance services, would have allowed a greater breadth of analysis. Critically, such data can be translated (using mapping software) into maps to identify hotspot locations for violence across geographical areas, which may provide valuable information to support targeted policing and licensing enforcement. 10 20 In England, the Information Standard to Tackle Violence (ISTV) requires EDs to collect data from assault patients on the circumstances of assault, specifically the assault location, time and date, and weapon used, and share such data with local partners to inform about violence prevention. 8 ED data have been shown to support violence prevention activity beyond the use of police data alone. [3] [4] [5] [6] [7] Ambulance data can also provide detailed information on violence, similar to that detailed in the ISTV (eg, call-out type, time/date and location) but, potentially, in a more accessible manner (eg, assault/call-out location: electronic geocoded versus free text). Further research evaluating the value of using ambulance data beyond existing data sources through, for example, a case control study 4 would support the future use of ambulance data in violence prevention. Even without this, available studies suggest that the routine use of ambulance data in local violence prevention, alongside ED and police data, has the potential to add significant value and should be policy consideration.
10-12 15 21 Internationally, violence prevention is a key priority due to its wide-ranging impacts on society. Health data can make a valuable contribution to informing and monitoring violence prevention activity, yet the use of health data for these purposes has typically focused on ED attendances and hospital admissions. While it is evident that ambulance data can be useful to identify violence hotspots and offer unique information for violence prevention strategies and response activity, further consideration should be given on how to promote and support the sharing of such data at local and national levels. Ambulance services and staff could play a key role in preventing violence by sharing data and identifying and supporting victims.
